Abstract. Abnormal hemostasis in cancer patients has prev iously been studied. The primary objective of the present study was to evaluate the association between preoperative hemostasis markers and clinicopathological parameters, and to identify a hemostasis marker affecting survival in patients following curative resection for colorectal cancer. A total of 170 patients who underwent curative surgery for colorectal carcinoma were evaluated. Preoperative coagulation tests included platelet, prothrombin time (PT), activated partial thromboplastin time (aPTT), fibrinogen, D-dimer and fibrinogen degradation product (FDP). The clinicopathological variables, including age, gender, tumor location (rectum/colon), tumor size (≥5 cm vs. <5 cm), depth of tumor invasion, lymph node metastasis, stage, lymphovascular invasion, margin involvement and histological differentiation were analyzed. The median age of analyzed patients was 63 years (range, 28-84). The male to female ratio was 62:38. Increased levels of plasma fibrinogen, PT and platelet count (PLT) were associated with larger tumor size (P<0.001, P=0.015 and P=0.002, respectively). Increased plasma fibrinogen levels were significantly associated with depth of tumor invasion and stage (P=0.014 and P=0.048, respectively). Increased plasma D-dimer and FDP levels were significantly associated with tumor node metastasis stage (P=0.031 and P=0.002, respectively). Prolonged PT level (≥11.7 sec), hyper-fibrinogenemia (≥327 mg/dl), high D-dimer level (≥1.3 µg/ml) and increased FDP level (≥2.7 µg/ml) were the prognostic factors associated with shorter survival. Preoperative plasma fibrinogen level was significantly associated with tumor size and depth of tumor invasion.
Introduction
Defects of hemostasis in patients with cancer have long been recognized; Trousseau, in 1865, was the first to note this association, and Morrison examined altered coagulation in patients with malignancy as early as the year 1932 (1). Since then, numerous studies have confirmed the association between malignancy and phenomena associated with blood coagulation. In total, ~50% of all patients with malignant diseases and up to 95% of those with metastatic lesions demonstrate certain abnormalities in hemostatic parameters (2) .
Activation of the coagulation cascade frequently occurs in cancer by a number of mechanisms, including the generation of tumor necrosis factor, tumor pro-coagulant and tissue factor (3) . The pro-coagulant state in cancer arises from the direct capacity of tumor cells to express and release pro-coagulant factors, including cancer pro-coagulant and tissue factor, and to activate the hosts hemostatic system (4) .
Numerous studies have documented the association between hemostatic abnormalities and cancer (5) . In addition, various hemostasis markers associated with tumor staging and prognosis have been previously studied (6) (7) (8) (9) (10) . Preoperative plasma fibrinogen levels in gastric cancer are associated with the extent of the tumor (10) and may be a predictor for lymphatic metastasis (7, 8) . Important studies such as one by Khorana et al (11) demonstrated that the expression of tissue factor was associated with histological grade in pancreatic cancer, and that tissue factor and factor VIIa were elevated in patients with cancer (12) . Elevated plasma D-dimer levels in patients with colorectal cancer were associated with advanced tumor stage and short postoperative survival (13) . Much remains unknown regarding the association between colorectal cancer and hemostasis markers. The primary objective of the present study was to evaluate the association between preoperative hemostasis markers and clinicopathological parameters and to identify the hemostasis marker affecting survival in patients following curative resection for colorectal cancer. Each patient underwent curative colon or rectum resection. Tissue specimens were examined by a pathologist for the following characteristics: depth of tumor invasion; presence of lymph node involvement; histological type; tumor size; margin involvement; and lymphovascular invasion. The staging of colorectal cancer and the clinicopathological factors utilized in the present study was based on the seventh edition of the American Joint Committee on Cancer Staging manual (15) .
Statistical analysis. All statistical calculations were carried out using the SPSS Windows program (version 18.0; IBM SPSS, Inc., Chicago, IL, USA). The continuous hemostasis markers are expressed as the mean ± standard deviation and the clinicopathological parameters are expressed as percentages. The association between the hemostasis markers and clinicopathological parameters was assessed with the Mann-Whitney U test. The Cox-regression analysis method was used to estimate the association between the hemostasis markers and overall survival. The log-rank test was used to compare the overall survival curves between the divided groups of hemostasis markers. P<0.05 was considered to indicate a statistically significant difference. Hemostasis markers and survival. To clarify the association with overall survival, the patients were divided into two groups by the value calculated by the receiver operating characteristic curve that had highest sensitivity and specificity (Table III) . High preoperative PT (≥11.7 sec; Fig. 1 ), fibrinogen (≥327 mg/dl; 
Discussion
Several laboratory abnormalities have been documented in patients with cancer, including prolonged and shortened PT, PTT, increased and decreased levels of Factor-II, V, VIII, IX, XI, XII, fibrinogen, FDP, thrombin-anti-thrombin III complex and thrombocytosis (16) . Activation of the clotting cascade may be due to tumor cells themselves, or stimulation of tumor-associated inflammatory cells (17) . Accumulating evidence indicates that hemostatic factors may interact with cancer cells and affect their development, growth, and metastasis (18, 19) .
Tang et al (20) demonstrated that a high preoperative plasma fibrinogen level is associated with distant metastasis and impaired prognosis in colorectal cancer. Fibrinogen is a glycoprotein synthesized by hepatocytes and is converted to fibrin by activated thrombin generated from prothrombin by the action of coagulation factor Xa (21) . Recent studies have shown that fibrinogen is also secreted by cancer cells (22) and deposited independently of thrombin cleavage (23) . Fibrin/fibrinogen deposition induces fibrinolytic activity, resulting in the degradation of extracellular matrix. Numerous studies have shown that elevated plasma fibrinogen levels Table II . Association between hemostasis markers and pathological stage. are useful prognostic parameters for several malignancies, including esophageal (24), gastric (8), cervical (25) and ovarian cancer (26) . Elevated fibrinogen plasma levels have been shown to be associated with the extent of the disease and reduced survival in patients with stomach cancer (10) or non-small cell lung cancer (27) .
P value a ------------------------------------------------------------------------------------
The results of the present study indicated that preoperative plasma fibrinogen levels were higher in colorectal cancer patients with large tumors, advanced depth of invasion and TNM stage compared with patients with small tumors, limited depth of invasion and TNM stage. This was in accordance with previously published data on patients with other malignancies (8) (9) (10) 24, 28) .
Of all hemostasis markers examined, D-dimer is determined to be the smallest unique degradation product of cross-linked fibrin resulting from the proteolytic actions of plasmin. Plasma D-dimer levels have been shown to be increased in patients with gastric (29), colorectal (30), lung (31, 32) , ovarian (33) and breast cancer (34). Oya et al (13) demonstrated that D-dimer level is associated with the depth of tumor invasion at the time of surgical excision in patients with colorectal cancer. In the present study, preoperative plasma D-dimer levels were increased in patients with advanced T and TNM stages of colorectal cancer, not with lymph node involvement. In addition, FDP level is associated with TNM stage, but not tumor size, depth of invasion or lymph node involvement.
Although thrombocytosis has been reported in patients with gastric (35) , lung (36) and endometrial cancer (37) , the association between thrombocytosis and the clinicopathological features of patients with colorectal cancer has not been fully investigated and the molecular mechanism of platelets affecting cancer metastasis remain unclear. Vascularization within a tumor is a portal through which tumor cells enter the bloodstream to disseminate. Platelets may stabilize vessel growth during tumor development and thus contribute to this process (36) . Platelets produce thymidine phosphorylase, which is a platelet-derived endothelial cell growth factor with angiogenic activity. Increased platelet count may be translated into enhanced tumor growth. Sasaki et al (38) demonstrated that preoperative thrombocytosis was associated with tumor size, depth of invasion, lymph node metastasis and distant metastasis. Li et al (36) reported that elevated platelets enhance cancer cell migration and promote hematogenous metastasis in advanced non-small cell lung cancer. In the present study, the preoperative platelet counts are associated with depth of invasion, but not tumor size, lymph node involvement or TNM stage.
The levels of PT did not differ significantly in cases of gastric cancer compared with patients without gastric cancer (39) . However, Ferrigno et al (40) reported that abnormally prolonged PT was predictive of a grave prognosis in lung cancer. In the present study, PT levels were shown to be associated with tumor size in colorectal cancer.
The current study demonstrated an association between hemostasis markers and disease progression in malignancy. Kilic et al (41) demonstrated that postoperative survival was significantly shorter in patients with colorectal cancer with increased preoperative D-dimer levels compared with patients with normal preoperative D-dimer level. Yamashita et al (8) reported that hyperfibrinogenemia was associated with poor clinical outcome in T2 gastric cancer. In the present study, PT, fibrinogen, FDP and D-dimer affected the overall survival of patients. Fibrin remodeling is involved in numerous steps of metastasis and has been shown to perform a crucial role in the formation of new vessels (42) Cross-linked fibrin in the ECM serves as a stable framework for endothelial cell migration during angiogenesis and for tumor cell migration during invasion (43) . Knockout mouse models have also revealed the importance of fibrin remodeling in tumor growth and metastasis (44) . In addition, multivariate modeling showed an association between the presence of elevated D-dimer levels and the presence of visceral metastases. This association may explain why D-dimer and FDP levels were revealed to be associated with overall survival.
Lykke et al (43) reported hemostatic alterations in colorectal cancer. They discussed hemostatic and angiogenic system activation using surgical trauma and postoperative infection, which may be associated with subsequent dissemination and recurrent tumor growth (45) .
All patients who indicated adjuvant treatment received chemotherapy and part of the patients with rectal cancer received additional radiotherapy in the present study. However, the possibility that adjuvant therapies may affect the disease outcomes cannot be ignored. However, these effects were not considered on the analysis between coagulation factor and disease outcomes. Although various studies revealed association between coagulation factor and clinicopathological parameters and disease outcomes, additional studies are required to apply in routine practice. If the sensitivity and specificity of coagulation factors for prediction of disease outcomes are researched by meta-analysis of various studied, these factors may be measured in routine clinical practice.
In conclusion, preoperative plasma fibrinogen level is significantly associated with tumor size and depth of tumor invasion. Thus, plasma fibrinogen level may indicate increased early tumor burden. Preoperative plasma prolonged PT level, hyperfibrinogenemia, high D-dimer level and increased FDP level may function as hemostasis markers that predict overall survival in patients subsequent to undergoing curative resection for colorectal cancer.
